Abstract
conditions, and to assess the safety of this strain for plant growth. Our results might Agriculture University in China and was cultured with potato-dextrose agar medium. The 147 P. chrysosporium was morphologically identified as Burdsall [32] . Five days after 148 incubation at 25 °C, the purified P. chrysosporium B-22 was used to produce spore 149 suspensions for inoculation, then spore suspensions were adjusted to obtain 3×10 8 cfu mL -1 
150
for treatments with autoclaved distilled water and counted using hemocytometer [33] . in sterile water and the density adjusted to 100 females mL -1 . Egg masses were added into 160 sterile petri dishes with sterile water and incubated at 25 C ± 1 C for 3 days in the dark to 161 hatch the M. incognita J2, which having surface sterilising with 1% NaCOl were then 162 incubated to obtain a 1,000 J2 mL -1 suspension. Egg masses were centrifuged in 1%
163
NaOCl at 2,000 rpm for 3 min, and free eggs were collected to prepare a 3,000 eggs mL -1 164 suspension.
165
The parasitic effects of strain B-22 on the eggs of M. incognita were determined as 166 described by Zhang et al. [34] . In brief, 100 µL of M. incognita egg suspension (about 300 167 eggs) was placed in a sterile petri dish containing strain B-22 spore suspension at 3 × 10 8 168 cfu mL -1 . A blank control was prepared with an equal volume of sterile water instead of the 169 strain B-22 spore suspension. Petri dishes were incubated at 25 C ± 1 C for 3 days.
170
Samples were taken for microscopic examination using a Nikon 80i microscope with an 171 image analysis system (Nikon Instruments Inc.).
172
The parasitic effects of strain B-22 on M. incognita J2 were determined according to 173 Schwartz [35] . Briefly, 100 μL of M. incognita J2 suspension (about 100 J2) was placed in 174 a sterile petri dish containing strain B-22 spore suspension at 3 × 10 8 cfu mL -1 ; these petri dishes were incubated at 25 C ± 1 C for 1 day, after which M. incognita J2 were picked 176 up and placed on a prepared glass slide with 4% agarose for examination by fluorescence 177 microscopy with an image analysis system (Nikon 80i microscope). Microscopic 178 examinations were performed 2 days later.
179
The parasitic effects of strain B-22 on M. incognita adult females were determined 180 according to Dong et al. [36] . Briefly, strain B-22 was grown on water agar (WA) until the 181 colony diameter reached near the edge of the dish. Sterile coverslips were placed in the 182 WA, and adult females (about 10 females) were transferred onto the coverslips and 183 incubated at 25 C ± 1 C for 5 days. A control group was prepared without strain B-22.
184
Samples were subjected to microscopic examination using the Nikon 80i microscope with 185 an image analysis system. at 24 h intervals to count the number of dead J2 using a Nikon stereomicroscope (Nikon 195 Instruments Inc., Tokyo, Japan).
196
The mortality of M. incognita J2 was determined by the visual inspection of stiff 197 individuals that stayed motionless after a gentle probe with a bamboo needle. The results
198
were used to calculate the mortality and corrected mortality rates (%) of M. incognita J2.
199
The median lethal dose (LC 50 ) of strain B-22 conidia for M. incognita J2 was determined shell. More hyphae grew from the egg (Fig. 1b) . Over the following 2 days, the egg shell incognita were intact; microscopic examination confirmed that they had a smooth surface 290 and uniform contents (Fig. 1d) . (Fig. 2b) . With time, strain B-22 296 produced more mycelium on J2 and dissolved their cuticles, causing shrinkage and 297 deformation of their body wall (Fig. 2c) . After 5 days of incubation, microscopic 298 examination showed that the J2 cuticles were dissolved or severely deformed. Dissolved 13 299 residues of the bodies of J2 were seen clearly. The J2 cuticle line was bent and shrunken 300 (Fig. 2d) . Eventually, strain B-22 produced massive spores to develop a dense mycelium,
301
and parasitized the body surface of the J2. The color of the cuticle was extensively altered 302 (Fig. 2e) . In untreated controls that were not inoculated with the conidia of strain B-22, the 303 M. incognita J2 showed an intact body wall and slow movement (Fig. 2f) .
304
Strain B-22 also parasitized M. incognita adult females. Upon 4 days of incubation, the 305 spores of strain B-22 surrounded the adult females and stuck to their surface. The contents 306 of the bodies of the females leaked out, and short hyphae grew out from their bodies (Fig.   307   3a) . After 7 days of treatment, strain B-22 formed dense hyphae crossing the body walls of 308 adult females. Moreover, the adult female body looked severely atrophied and was partly 309 dissolved due to leakage (Fig. 3b) . In the untreated controls that were not inoculated with 310 the conidia of strain B-22, M. incognita adult females showed complete and healthy bodies 311 with a smooth surface and obvious boundary. Inside, the contents of the adult female body 312 were intact (Fig. 3c) . 84.61% in the roots, while that of the juveniles ranged from 45.57% to 78.91%, and that of the egg mass was from 50.39% to 84.25%. Furthermore, the inhibition ratio of the root gall 325 index was 33.33-79.48%; and in the soil, the inhibition ratio of the juveniles reached 326 68.51-89.18% (Table 2) .
328
Safety of strain B-22 for tomato plant growth 329 The use of P. chrysosporium strain B-22 in soil was found to be safe for tomato plant 330 growth, and in fact, it had a growth-promoting effect. The conidial concentration of strain 331 B-22 significantly influenced the promotion of plant growth in tomato (Table 3) . Plant the corresponding values in the controls were 9.7 cm, 9.1 cm, 1.5 g, and 0.28 g, 339 respectively. The highest increase rates for plant height, root length, aboveground fresh 340 mass, and root fresh mass were 202.06%, 185.71%, 426.66%, and 292.85%, respectively 341 ( 
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